Abstract Epidural steroid injections are an important therapeutic modality employed by spinal surgeons in the treatment of patients with chronic low back pain with or without lumbar radiculopathy. The caudal epidural is a commonly used and well-established technique; however, little is known about the segmental level of pathology that may be addressed by this intervention. This prospective study of over 50 patients aimed to examine the spreading pattern of this technique using epidurography. The effect of variation in Trendelenburg tilt and the eradication of lumbar lordosis on the cephalic distribution of the injectate were investigated. 52 patients with low back pain and radiculopathy underwent caudal epidural. All had 20 ml volume injected, comprised of 5 ml contrast (Ultravist TM Schering) 2 ml Triamcinolone (Adcortyl TM Squibb) and 13 ml local anaesthetic (1% lignocaine). Patients were randomised to either 0°or 30°of Trendelenburg tilt, as referenced from the lumbar spine. Patients were further randomised to presence or absence of lumbar lordosis, which was eradicated using a flexion device placed beneath the prone patient. A lateral image of each sacrum was obtained, to identify variations in sacral geometry particularly resistant to cephalic spread of injectate. The highest segment reached on fluoroscopy was recorded post injection. Fifty-two patients with a mean age of 50 years underwent caudal epidural. Thirty-one were in 0°head tilt, with 21 in 30°of head tilt. In each of these groups, 50% had their lumbar lordosis flattened prior to caudal injection.
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The median segmental level reached was L3, with a range from T9 to L5. Eradication of lumbar lordosis did not significantly alter cephalic spread of injectate. There was a trend for 30°tilt to extend the upper level reached by caudal injection (p = 0.08). There were no adverse events in this series. Caudal epidural is a reliable and relatively safe procedure for the treatment of low back pain.
Introduction
The caudal epidural steroid injection is well established in the setting of chronic low back pain in the presence or absence of lumbar radiculopathy. This is a relatively safe procedure, particularly with the use of fluoroscopy [1] . The ability of this technique to reach higher lumbar levels, and under what conditions can cephalic delivery be optimised, have not been examined extensively.
Evans, in 1930, publicised intrasacral epidural injection in the treatment of sciatica. He demonstrated that injection of 100 ml of fluid into the epidural space at the base of the sacrum caused diffusion of the fluid throughout the spinal canal. He did not demonstrate a difference in the effects obtained with local anaesthetic or saline [2] . Efforts to control the inflammatory aspect of nerve root compression led to the use of antiflammatory agents such as corticosteroids, where initial studies reported a beneficial effect [3] . A subsequent meta-analysis of 12 published randomised controlled trials concluded that epidural steroids were effective [4] . The beneficial effect appears to last from the short to medium term (1 week-3 months) [5] .
Caudal epidural effectiveness has been examined by clinical response by Cyriax et al. [6] who report improved outcome with larger volumes. Volumetric caudal injections have been examined by epidurography by Kim et al. [7] who found no advantage in terms of cephalic migration of injectate, despite using incremental volumes up to 50 ml. They suggest that improved clinical outcome may be a result of mechanical forces generated intradurally and epidurally by the larger volumes. They confirmed radiographically that mid to lower lumbar vertebrae were reached. However, using serial injections of 10 ml up to 50 ml, no further spread was elicited but a 'repainting' of the path of previous injections was noted.
Apart from variations in caudal volumes, no work has focused on other potential strategies to improve cephalic drug delivery, or focused on local anatomical factors that render certain patients resistant to injectate migration.
This study aimed to investigate if variations in head tilt and eradication of the lumbar lordosis had a beneficial effect on the vertebral level reached on epidurography post caudal epidural. Variations in individual sacral geometry were also recorded to identify any particular pattern associated with unfavourable epidurography.
Methods

Study period
This prospective study was performed over a 6-month period. Patients fulfilling the inclusion criteria and sparing reasons for exclusion were enrolled into the study once informed consent was obtained.
Inclusion criteria
Patients with low back pain with or without lumbar radiculopathy were included in the study.
Exclusion criteria
The following findings led to exclusion from the study: history or presence of alcohol or drug abuse, psychotic disorders, subjects unable to understand informed consent. Also, patients with a known allergy to contrast or other contra-indication to administered reagents, critical skin conditions at injection site, use of anticoagulants or previous lumbar surgery were excluded.
Caudal injections
Fifty-two patients with low back pain and radiculopathy underwent caudal epidural. All had 20 ml volume injected, comprised of 5 ml contrast (Ultravist TM Schering) 2 ml Triamcinolone (Adcortyl TM Squibb), 13 ml local anaesthetic (1% lignocaine) with correct placement of needle confirmed on fluoroscopy. Local anaesthetic was administered to the skin and subcutaneous tissues to periosteum prior to injection, and all injections were performed by the senior author.
Patients were randomised to either 0°or 30°of Trendelenburg tilt, as referenced from the lumbar spine. Patients were further randomised to presence or absence of lumbar lordosis, which was eradicated using a flexion device placed beneath the prone patient. A lateral image of each sacrum was obtained to identify variations in sacral geometry particularly resistant to cephalic spread of injectate. The highest segment reached on fluoroscopy was recorded post injection.
Statistical methods
Statistical analysis was performed using a Mann-Whitney U test. p Values of less than 0.05 were considered significant.
Results
Fifty-two patients with a mean age of 50 years underwent caudal epidural. Thirty-one were in 0°head tilt, with 21 in 30°of head tilt. In each of these groups, 50% had their lumbar lordosis flattened prior to caudal injection. The median segmental level reached was L3, with a range from T9 to L5. Eradication of lumbar lordosis did not significantly alter cephalic spread of injectate (Fig. 1) . There was a trend for 30°head tilt to extend the upper level reached by caudal injection (p = 0.08). There was an insufficient variation in sacral geometry noted in this cohort to identify a particular pattern associated with unfavourable delivery of caudal injectate to the lumbar spine (Fig. 2) . No adverse effects occurred in this series.
Discussion
Caudal epidural is an established technique in the setting of radicular low back pain. However, this technique is not without its limitations, owing to the variations in sacral hiatus anatomy. The sacral hiatus, the site of needle insertion is located at the base of the sacrum at the level of the spinous process of S4. The hiatus is typically bordered laterally by the two sacral cornua. Sekiguchi et al. [8] in their anatomic study of the sacral hiatus found that there was an absence of the hiatus in 4% of examined cases, an imperforate hiatus in 3% of cases and only 42% had both hiatus and cornu as typically described (Fig. 3) . Although the sacral epidural space is largest it also has the greatest amount of leakage [9] . Kim et al. [7] showed that the mid to lower lumbar region of the spine could be consistently treated using caudal epidurals of up to 30 ml. There was no change in the levels attained by subsequent injections.
Epidural injections may be introduced through caudal, interlaminar and transforaminal (lumbar) routes. The choice of technique is based on several different factors. Primarily, one approach is chosen over another because of the anatomic location of the suspected pain generator. However, previous surgery, such as spinal fusion, may block the lumbar approaches. Another advantage of caudal injection is the ease of performance, although larger volumes of fluid are thought to be required. The relatively low charge for a caudal epidural compared with that of multiple selective injections is another important consideration. These routes of administration are often grouped together; however, these approaches have different efficacy and safety profiles [11, 13] . It should be noted that conventional techniques do not guarantee that injectates reach the desired target nerve nor does the recorded spread of contrast necessarily reflect later distribution [10] . A study to compare the impact of method of injection on outcome revealed no difference attributable to method of administration [11] .
In this study, the effect of caudal epidural on outcome was not examined, as previous studies have already supported their use in the setting of low back pain, predominantly secondary to disc herniation [12] [13] [14] . However, a recent systematic review looking at caudal epidural also suggested evidence for relief of chronic pain in discogenic pain without disc herniation or radiculitis [15] .
The focus of this study was to identify anatomical lumbar segments reached by the caudal route in our cohort and to identify potential strategies to improve cephalic drug delivery. Although not a validated method, a flexion device placed beneath the prone patient flattened the lumbar lordosis, as confirmed objectively by on-table fluoroscopy (Figs. 4, 5) . This, intuitively, would be expected to improve the cephalic migration of caudal injectate. However, a beneficial effect on spreading levels achieved was not demonstrated by altering lumbar lordosis. They was a trend for 30°tilt to extend the upper level reached by caudal injection (p = 0.08). As this did not reach statistical significance, we are unable to confirm that Trendelenburg tilt improved cephalic drug delivery; however, our study may be underpowered in this regard.
Conclusion
In the literature, caudal epidural is a useful and relatively safe procedure for the treatment of radicular low back pain [16] [17] [18] [19] , as well as a potential treatment in the setting of non radicular low back pain [13, 14] . Pathology at L3/4 and L4/5 and L5/S1 can be approached by this technique. Although in selected cases thoracic and high lumbar levels can be reached, this is variable. If pathology at levels above L3 needs to be addressed, we propose a 30°head tilt may improve cephalic drug delivery. Delivery by caudal epidural should be reserved to address pathology at L3 and below. Larger prospective studies may elucidate this further.
